Through the simulation of finite element construction, the temperature and stress of hydration heat in mass concrete construction of arch bridge bearing platform were analyzed, and the necessity of setting condenser tube for temperature control was put forward. Based on the monitoring of the site construction of the mass concrete, the temperature and stress of the concrete under the corresponding temperature were obtained when concrete pouring into the mold, and were compared with the theoretical calculation data. Results showed the expected effect was achieved. Practice shows that the temperature control measures for the bridge are effective, and no concrete cracks were found in the mass concrete of the bearing platform. This has a certain reference and guidance for the construction of mass concrete of platform for the similar bridges.
INTRODUCTION
When talking about mass concrete, it usually refers to the concrete that has the structural entity with the smallest geometric size no less than 1m, or the concrete that is expected to generate harmful cracks caused by the changes in temperature and shrinkage due to the hydration of gel material in the concrete. In the concrete hydration reaction process, a large number of hydration heats will lead to a sharp rise in the internal temperature of concrete, and concrete is a bad thermal conductor, which will cause a large temperature difference between the inside and outside of the mass concrete, leading to an uneven distribution of the internal and external thermal expansion and contraction. What's more, a huge temperature stress will be generated when the concrete is under the internal and external constraints. The cracks caused when the temperature stress exceeds the tensile strength of concrete are called temperature cracks. The experience provided by modern civil engineering practices shows that cracks in concrete structures are unavoidable and that the scientific requirement is to keep their harmfulness within the allowable range. Based on the construction of mass concrete of Chuzhou South Bridge, the finite element simulation model was established, and the temperature and stress induced by hydration heat were analyzed and studied.
Chuzhou South Bridge is a three-arch bridge, the reinforced concrete structure of the middle bearing platform is 17.5m × 11m × 2m, belonging to the mass concrete. Its concrete type is C30, using a one-time pouring process.
FINNTEELEMENTANALYSISOFHYDRATIONTHERMALSTRESSAND TEMPERATUREOFBEARINGPLATFORM
A large general finite element calculation software was used to establish the solid model for temperature control analysis. The calculation model is shown in Figure 1 .The model considers 2m deep soil and 20cm thick C15 concrete cushion. The analysis simulated the one -time pouring process, the boundary condition, the concrete curing, the pouring into mold temperature (15℃) and the effect of the condenser tube. The result showed that the concrete temperature change process can be divided into three stages: temperature rise, cooling and stability. At first, the temperature of concrete increased rapidly. In the case of no insulation and no condenser tube (ie, the most unfavorable situation), the temperature rose to 43.3℃ , The time was about 4d, the maximum tensile stress of 2.1Mpa, distributed in the surface. After using of condenser tube and increasing the surface insulation measures, the maximum temperature decreased to 40.5℃ and the maximum tensile stress dropped to 1.8Mpa. Therefore, the concrete hydration heat effect can be controlled by taking appropriate measures.
SITECONSTRUCTION MONITORING
On-site construction monitoring mainly through these steps: "determining measuring points ---sensor installation ---data collection ----data processing". The construction process must be tracked to monitor the changes of temperature and stress. The stress state of structure need to be constantly analyzed by using data measured on-site to ensure structural safety.
Temperature monitoring frequency is as follows: (1)Temperature field measurement of bearing platform: Temperature should be observed at least once before the concrete into the warehouse, check the instrument to find if there are any damages after burying them, and observe the temperature inside the warehouse;(2) Atmospheric temperature measurement: simultaneous observation with concrete temperature; (3) Water cooling process cooling water temperature measurement should be at the same time when measuring the temperature field of concrete;(4) Special circumstances, such as the cold period, the frequency of measurements should increase; (5) In the temperature measurement process if the value is beyond expectation, the reasons should be timely analyzed and take appropriate steps;( 6) When each observation is completed, the temperature monitoring record and strain monitoring record should be filled.
According to the relevant specification requirements, and combined with the actual situation of the scene, the main temperature control indicators are as follows: (1) Concrete internal and external temperature difference (excluding concrete shrinkage equivalent temperature) should not be greater than 25 ℃;(2) Concrete cooling rate need to be blew 2.0 /d . (3) The surface temperature of concrete should not be greater than 20 ℃; (4) The maximum temperature of concrete should not be greater than 75 ℃; (5) The temperature difference between inlet and outlet water should be less than or equal to 10 ℃ (6) The maximum stress of concrete should not be greater than the allowable tensile stress corresponding to the current age of concrete.
In order to make the monitoring process highly efficient and stable, the hydration heat of the bearing platform concrete was precisely divided into points to get enough data to observe the temperature change trend and stress change at different positions of the structure, based on the finite element simulation results. Arrangement of these points were based on the characteristics of the structural symmetry, the 1/4 structure was chosen as the main test area. According to the distribution of the temperature field, the temperature measurement points in the height direction were divided into three layers, considering the evaluation of temperature value. Measuring point of intermediate layer should be arranged in the middle of the adjacent condensate tube. A total of 10 strain sensors and 24 temperature sensors were arranged in the bearing platform, and the inlet and outlet water temperature measuring points and ambient temperature measuring points were also arranged.
MONITORINGDATE ANALYSIS
According to the on-site monitoring data, the time-history curves of measured temperature in the key measuring points were obtained as shown in the following figure. It can be seen from the figure, whether it is external measuring points or internal measuring points, the common characteristics of temperature are followed by rising, keeping, cooling, that three typical stages. The stage of temperature rise is shorter and the maximum adiabatic temperature rise occurs generally between 59 h and 72 h after pouring, which is in good agreement with the finite element simulation. The maximum adiabatic temperature rise in the internal measuring points is generally greater than the top and bottom points in the same vertical axis. That is in good agreement with the theoretical situation.
The maximum temperature measured is 48.3 ℃ and it is differ from the maximum temperature of the finite element analysis (40.5 ℃). That is mainly due to the relevant parameters difference between the finite element calculation and the actual situation. The finite element analysis takes the same value for the temperature when the concrete pouring into the mold, but the actual situation is not so. It is a one-time pouring process, and the temperature difference of the concrete is ± 5 ° C due to the difference in external temperature at different times. At the same time, the internal of the platform is reinforced, so the arrangement of the cooling pipe and the arrangement of the measuring point cannot be completely accurate, which is another cause of the difference. The general situation shows that the heating rate of the central point is the fastest, the rise of temperature is the largest along with the peak. These are in accordance with the finite element analysis.
According to the above figure of the top, middle, bottom temperature changes, the top and bottom temperature of bearing platform are lower than the internal temperature. The rise of internal temperature is relatively large. On the whole, the the heating rate of bottom is the slowest, while internal concrete has the fastest heating rate. With the increase of the age of concrete, the temperature change curve tends to ease, the temperature gradually stabilized.
According to the measured data of the site, the stress change trend of each measuring point was analyzed. Due to the different internal and external environment of concrete, in the early stage of hydration reaction, the internal hydration heat is not easy to spread, the internal expansion is greater than the external surface expansion, resulting in external tensile stress and internal compressive stress. When the hydration heat temperature reach peak, the concrete begin to cool inside, the internal volume shrinkage is relatively large, the external shrinkage is relatively small, that will generate external compressive stress, and internal tensile stress. A total of 10 stress measuring points were arranged in bearing platform mass concrete.
The maximum tensile stress is 1.07Mpa, which is located on the outer surface of the platform. The tensile strength of the concrete at the current age (the third day) isf =f （1-e ）=1.206Mpa, and the maximum tensile stress is lower than that.
The test results of the inlet and outlet water temperature of the condenser pipe in bearing platform mass concrete are as follows.
Condensate tubes were given water after starting 12h's pouring of concrete. Every 2-3h temperature was measured once, until the temperature is stable. According to the above table, we can see that the temperature difference between the inlet and the outflow is 14-11 DEG C.
CONCLUSIONS
(1) For the mass concrete, because of hydration heat reaction is intense, the temperature rises sharply in the pouring process, that will generate the temperature stress which is harmful to structure and then cause structural cracks, so the temperature control and researches are very necessary. Through the finite model construction simulation analysis, temperature control measures such as determining the condenser reasonably, can control the temperature rise, and then control the structure cracks caused by temperature very effective.
(2) This time the hydration heat monitoring analysis in mass concrete of bearing platform showed that the temperature difference between outside and inside of the bearing platform concrete (without the equivalent temperature of concrete shrinkage) reached a maximum of 12.9 DEG C, not more than 25 DEG C, met the requirements; Bearing platform concrete cooling rate reached a maximum of 2 DEG /d, not more than 2 DEG /d, met the requirements; The temperature difference between the concrete surface and the atmosphere were 17.4 DEG C, not more than 20 DEG C, met the requirements; The maximum temperature of bearing platform concrete was 48.3 DEG C, not more than 75 DEG C, met the requirements; Temperature difference between the inlet and outlet of condenser water was 10 DEG C to 14 DEG C, slightly larger than the specification requirements; The temperature difference between water and the concrete was not more than 20 DEG C, met the requirements; The maximum stress of the concrete was 1.07Mpa, not greater than the corresponding tensile strength of concrete , met the requirements.
(3)The results of bearing platform mass concrete construction monitoring comparing with the results of finite element simulation showed that the numerical results of the temperature were relatively close, and the stress of the finite element simulation was relatively larger, which is related to the difference of the actual situation (especially the boundary condition).
(4) After the construction of bearing platform mass concrete, there were not any cracks caused by temperature stress. The temperature stress of the measuring points
